1. INTRODUCTION {#sec1}
===============

The WHO has estimated that about 153 million people over the age of five years are visually impaired as a result of uncorrected Refractive Error (RE) \[[@r1]\]. Around 12.8 million children (aged 5 to 15 years) are visually impaired, with a global prevalence of 1%, due to uncorrected or inadequately corrected refractive errors \[[@r1]\].

The WHO and 20 international Non-Governmental Organizations (NGOs) launched the global initiative, "Vision 2020," in 1999 with the aim of eliminating avoidable blindness by the year 2020 \[[@r2]\].

Visual impairment due to uncorrected refractive errors can lead to short-term and long-term consequences in adults and children. Examples include lost educational and career opportunities lost economic benefits for individuals, families and societies, and poor quality of life \[[@r1], [@r3]\]. Moreover, the uncorrected refractive error could decrease a child's interaction and learning in the classroom, negatively affecting his or her learning process \[[@r4]\].

In Saudi Arabia, many studies have been conducted to estimate the prevalence and pattern of refractive error among primary school children. A study conducted in Abha city revealed an RE prevalence of 23%, while one conducted on pre-school children in Jeddah city showed an RE prevalence of 10.7% \[[@r5], [@r6]\]. Desouky and Tariq-Khan (2014) conducted a study in Taif City that showed a 16.4% RE prevalence in a sample of female primary school children \[[@r7]\]. Moreover, Wadaani *et al*. (2013) conducted a study on primary school children in Al Hassa region that revealed a RE prevalence of 13.7% \[[@r8]\].

Although many studies have been conducted on refractive error in Saudi school children, a literature search suggested that no previous study had been conducted to measure the prevalence of refractive errors among children in Jazan region. Hence, the aim of the present study was to estimate the prevalence and pattern of refractive error among primary school children in Jazan region, Saudi Arabia.

2. METHODS
==========

2.1. Design and Setting {#sec2.1}
-----------------------

A cross-sectional study was conducted among male primary school students (age range: 6-14 years) in Jazan region in October 2015. Jazan region is one of the smallest regions in Saudi Arabia; it is located in Southwest Saudi Arabia and stretches along the Red Sea coast for 300 km, immediately north of Yemen. The total population of the region was about 1,500,000 in the year 2015 \[[@r9]\].

2.2. Sampling Procedure {#sec2.2}
-----------------------

The sample size for this study was determined to be 500 students based on a sample size formula for a cross-sectional study design \[[@r10]\]. The following parameters were used for sample size estimation: *p* = 50%, 95% Confidence Interval (C.I.), an error below 5% and a non-response rate of 10%. The proposed sampling design was a multistage sampling method that divided Jazan region into two educational sections-the Jazan and Sabya general educational departments. The Jazan general educational department was randomly selected. Then it was divided into six educational centers based on Ministry of Education segmentation. Two primary schools from each educational sector were randomly selected then lists of children at each school were used as sample frames for the simple random sampling method.

2.3. Demographics and Vision Data {#sec2.3}
---------------------------------

For other demographic and risk factor information, a short questionnaire was designed, and parents or guardians responded to it. The questionnaire sought information on details such as the child's personal data, father's and mother's levels of education, family income, internet use, watching television (TV), playing computer games and family history of RE.

2.4. Refractive Error Examinations {#sec2.4}
----------------------------------

The examinations conducted involved three main steps: first was the examination of visual acuity using a Snellen C chart. Next was the autorefractor test (ACCUREF R-800) to measure the spherical equivalent and the cylindrical equivalent. Last was the non-cycloplegic retinoscopic examination by a trained optometrist.

2.5. Snellen Chart and Autorefractometer {#sec2.5}
----------------------------------------

All the children underwent full uncorrected visual acuity assessment. Each child was positioned 6 meters away from a well-lit C chart. The child\'s right eye was examined while the left eye was covered, and vice versa. Then the child was instructed to identify the optotype on the monitor. The smallest line on which the child could read more than half of the letters was recorded. The autorefractor examination was done by placing each child's chin on the chin holder and asking him to view the image with both eyes.

2.6. Non-Cycloplegic Retinoscopy {#sec2.6}
--------------------------------

The optometrist used a streak retinoscope to confirm the results. The children's spherical equivalent (SE) was considered as the mean and the SE calculated using the standard formula (SE = sphere + (cylinder/2)). The definitions of refractive error were based on the following categories: myopia ≤- 0.75 diopters (D), low myopia ≤- 0.75 D to ≥- 3 D, moderate myopia ≤-3 D to ≥-6 D, high myopia ≤- 6 D, hyperopia ≥ 1 D, high hyperopia ≥ 3 D and astigmatism ≥ 1 D \[[@r11]\].

2.7. Data Analysis {#sec2.7}
------------------

Data was entered and analyzed using SPSS version 20 (SPSS Inc., Chicago, IL, USA). Data analysis involved descriptive statistics as well as some techniques of inferential statistics. The descriptive statistics included a simple tabulation, frequencies and cross-tabulations. The chi-squared test was used to test differences in proportion and Odds Ratios (ORs), and their 95% Confidence Intervals (CIs) were used as indicators of strength of association. A *p*-value of less than 0.05 was used as the cut-off level for statistical significance.

3. RESULTS {#sec3}
==========

The informed consent form and the study questionnaire were distributed to 500 students in all the selected governorates. A total of 395 (79%) requests for consent received approval: the parents of the students signed them. The demographic characteristics of the students are presented in Table **[1](#T1){ref-type="table"}**. According to the table, the students' ages ranged from 6-14 years, and rural students represented 70.1% of the total number of students.

The total number of students with refractive errors was *n*=87, with a prevalence of 22% (95% CI 18.2-26.4). The percentage of affected students in rural areas was 24.6% (95% CI 19.9-30.1) compared to 15.5% (95% CI 10.1-23.2) in urban areas; a significant difference existed between them (*p*-value = 0.047). The rest of the data in the table did not show significant differences where the different characteristics were concerned as the *p-*values were higher than 0.05. We found that refractive errors affected both eyes at a percentage of 89%, while they affected the right eye alone at a rate of 7% and the left eye alone at a rate of 4% (Table **[2](#T2){ref-type="table"}**).

Table **[3](#T3){ref-type="table"}** presents the prevalence of myopia, hyperopia and myopic and hyperopic astigmatism with demographic characteristics. Among students with refractive error, hyperopia was the most common refractive error in the sample (32.2%) followed by myopic astigmatism (31%) then myopia (17.2%). Hyperopic astigmatism (16.1%) and mixed astigmatism (3.4%) followed.

Table **[4](#T4){ref-type="table"}** illustrates the association between refractive errors and certain risk factors. A positive association with the presence of refractive errors was observed among children who spent more hours watching TV and among students who used electronic devices. Regarding family history of refractive errors, the results showed a significant positive association between children\'s refractive errors and the status of parents\' vision problems with an odds ratio of 1.71. There was an association between students watching TV from a close distance and refractive error with an odds ratio of less than one for large distances from the TV as large distances decreased the odds of refractive error. The students in the rural areas were significantly more than twice as likely to be affected by refractive errors as the students in the urban areas. The table also indicated that the same factors associated with the refractive errors showed similar relationships with myopia.

4. DISCUSSION
=============

Refractive error is a major challenge facing primary school children in Saudi Arabia \[[@r5]-[@r8]\] and globally \[[@r12]-[@r15]\] as many children may not know that they have visual problems and may think that they have normal sight. Some students may have trouble reading the board or seeing close objects clearly, which might affect their academic performance and their quality of life.

To the best of our knowledge, this is the first study to address the issue of prevalence and factors associated with Refractive Error (RE) among school children in the Jazan region. The present study revealed the overall prevalence of refractive errors in either eye of 22%, which was very close to 23%, the prevalence that the study conducted in Abha city arrived at \[[@r5]\]. This prevalence is higher than those that other studies conducted in Saudi Arabia (in Al Hassa, Jeddah and Taif City) arrived at \[[@r8], [@r6], [@r7]\].

Upon the comparison of our estimates with those of other studies, we found them to be similar to those of a study conducted in Egypt (22.1%) \[[@r14]\] and higher than those of studies conducted in countries like Qatar (19.7%) \[[@r16]\], Nepal (8.6%) \[[@r17]\] and India (13.09%) \[[@r18]\]. Our prevalence was also lower than Taiwan's and Srinagar's \[[@r19], [@r20]\]. The variation in prevalence may have resulted because we conducted this study on a male population only. By contrast, other studies were conducted on both sexes.

Despite the fact that myopia is the most prevalent refractive error globally, our results showed that hyperopia was the most prevalent refractive error in our sample \[[@r1]\]. Moreover, most studies conducted in Saudi Arabia showed that myopia was the most prevalent refractive error \[[@r8], [@r21]\]. A recent study conducted in Jazan supported our findings, which revealed that hyperopia was more prevalent than myopia \[[@r22]\].

Our results showed that hyperopia was the most common refractive error (32.2%) of all, followed by myopic astigmatism (31%), myopia (17.2%), hyperopic astigmatism (16.1%) and mixed astigmatism (3.5%). On the other hand, the study that Waddani *et al*. (2013) conducted in Al Hassa \[[@r8]\] found the most prevalent refractive error to be myopia (65.6%) followed by myopic astigmatism (12.4%), hyperopic astigmatism (12%) and hyperopia (9.8%). The differences could be attributed to the differentials in socioeconomic conditions, variations in the operational definitions, cut-off points of refractive errors and factors related to environmental influences.

In contrast to many studies \[[@r23]-[@r25]\], our results showed that refractive errors affected the rural population more than the urban population. Regarding the associations between refractive errors and selected risk factors, the data of our study support the findings of other studies. We found an association between refractive errors and parental history of refractive errors that was in line with the findings of Ip *et al*. (2007) and Zadnik *et al*. (1994) \[[@r26], [@r27]\]. We also found an association between time spent on electronic devices and refractive errors, and this was well documented by \[[@r28], [@r29]\]. Moreover, shorter distances from the TV screen were emphasized by \[[@r26], [@r29]\], and our results revealed an association between short distances from the TV screen and the increased risk of refractive errors and myopia.

The lack of cycloplegic objective refraction was a major limitation of this study. We should be very careful when interpreting the results of this study, for cycloplegia is truly the gold standard for the diagnosis of refractive errors. It is regrettable that such a procedure was not performed. The reason for this failure was that the procedure would have blurred the students' vision for 3-8 hours. The intrinsic value of this study would have increased immensely had cycloplegic drops been used for a reliable objective refraction. Secondly, we conducted our study on male students alone for some practical reasons. Finally, the study was based on a cross-sectional study design, so the risk factors should be interpreted carefully.

CONCLUSION
==========

Refractive error was highly prevalent among primary school children in Jazan, Saudi Arabia. The rural students were more affected by refractive errors, mainly hyperopia. We recommend a study with cycloplegic to assess the issue of RE in greater depth. The preschool vision test should be reconsidered, and a periodic vision examination should be applied to detect vision problems as early as possible.
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###### 

Demographic characteristics of the study population (n=395).

  ---------------------------------------------------------
  **Characteristic**                        **N**   **%**
  ----------------------------------------- ------- -------
  **Place of residence (n= 388)**           --      --

  Rural                                     272     70.1

  Urban                                     116     29.9

  **Age group (years)**\                    --      --
  **(n = 385)**                                     

  6-8                                       130     33.8

  9-11                                      204     53

  12-14                                     51      13.2

  **Mother's level of education (n=390)**   --      --

  Illiterate                                68      17.4

  Basic education                           200     51.3

  University and above                      122     31.3

  **Father's level of education (n=392)**   --      --

  Illiterate                                31      7.9

  Basic education                           227     57.8

  University and above                      134     34.2

  **Monthly income (SAR) (n=372)**          --      --

  Less than 5,000                           115     30.9

  5,000-10,000                              106     28.5

  More than 10,000                          151     40.6

  **Classes (n=389)**                       --      --

  First                                     56      14.4

  Second                                    56      14.4

  Third                                     74      19

  Fourth                                    78      20.1

  Fifth                                     63      16.2

  Sixth                                     62      15.9
  ---------------------------------------------------------

###### 

Prevalence of refractive error with regard to some selected characteristics.

  **Characteristic**              **Students with RE**   ***p*-value\***   
  ------------------------------- ---------------------- ----------------- -------
  **Overall Prevalence**          87(22.0)               (18.2-26.4)       --
  **Place of residence**          --                     --                0.047
  Rural                           67(24.6)               (19.9-30.1)       
  Urban                           18(15.5)               (10.1-23.2)       
  **Age group (years)**           --                     --                0.640
  6-8                             31(23.8)               (17.4-31.9)       
  9-11                            43(21.1)               (16.1 -27.2)      
  12-14                           9(17.6)                (9.6-30.3)        
  **Mother's education status**   --                     --                0.168
  Illiterate                      7(10.3)                (5.1-19.8)        
  Basic education                 46(23)                 (17.7-29.3)       
  University and above            31(25.4)               (18.5-33.8)       
  **Father's education status**   --                     --                0.316
  Illiterate                      6(19.4)                (9.3-36.4)        
  Basic education                 45(19.8)               (15.2-25.5)       
  University and above            34(25.4)               (18.8-33.4)       
  **Monthly income (SAR)**        --                     --                0.389
  Less than 5,000                 20(17.4)               (11.6-25.4)       
  5,000-10,000                    28(26.4)               (19-35.6)         
  More than 10,000                36(23.8)               (17.8-31.3)       
  **Grades**                      --                     --                0.737
  First                           15(26.8)               (17-39.7)         
  Second                          12(21.4)               (12.7-33.9)       
  Third                           12(16.2)               (9.6-26.3)        
  Fourth                          16(20.5)               (13.1-30.8)       
  Fifth                           16(25.4)               (16.3-37.4)       
  Sixth                           13(21)                 (12.7-32.7)       

• *Based on chi-squared test*

###### 

Prevalence of myopia, hyperopia and myopic and hyperopic astigmatism with demographic variables.

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  **Variables**                          **Myopia NO (%)**   **Hyperopia NO (%)**   **Myopic AST**\   **Hyper. AST NO (%)**   **MIX. AST NO (%)**   ***p*-value**
                                                                                    **NO (%)**                                                      
  -------------------------------------- ------------------- ---------------------- ----------------- ----------------------- --------------------- ---------------
  **Age Group (years) (n=83)**           --                  --                     --                --                      --                    0.963

  6-8                                    4(12.9)             10(23.3)               9(29.0)           6(19.4)                 2(6.2)                

  9-11                                   9(20.9)             14(32.6)               13(30.2)          6(14.0)                 1(2.3)                

  12-14                                  2(22.2)             3(33.3)                3(33.3)           1(11.1)                 0(0.0)                

  **Place of Residence (n=86)**          --                  --                     --                --                      --                    0.082

  Rural                                  15(22.4)            21(31.3)               20(29.9)          10(14.9)                1(1.5)                

  Urban                                  0(0.0)              6(31.6)                7(36.8)           4(21.1)                 2(10.5)               

  **Classes (n=83)**                     --                  --                     --                --                      --                    0.485

  First                                  2(13.3)             5(33.3)                5(33.3)           1(6.7)                  2(13.3)               

  Second                                 1(8.3)              5(41.7)                4(33.3)           2(16.7)                 0(0.0)                

  Third                                  0(0.0)              4(33.3)                4(33.3)           4(33.3)                 0(0.0)                

  Fourth                                 6(37.5)             6(37.5)                3(18.8)           1(6.3)                  0(0.0)                

  Fifth                                  2(12.5)             5(31.3)                6(37.5)           2(12.5)                 1(6.3)                

  Sixth                                  3(25.0)             3(25.0)                4(33.3)           2(16.7)                 0(0.0)                

  **Mother's Education Status (n=84)**   --                  --                     --                --                      --                    0.295

  Illiterate                             1(14.3)             3(42.9)                2(28.6)           0(0.0)                  1(14.3)               

  Basic Education                        6(13.0)             16(34.8)               14(30.4)          9(19.6)                 1(2.2)                

  University & above                     8(25.8)             9(29.0)                11(35.5)          3(9.7)                  0(0.00                

  **Father's Education Status (n=85)**   --                  --                     --                --                      --                    0.285

  Illiterate                             1(16.7)             2(33.3)                1(16.7)           1(16.7)                 1(16.7)               

  Basic Education                        6(13.3)             19(42.2)               11(24.4)          8(17.8)                 1(2.2)                

  University & above                     8(23.5)             7(20.6)                14(41.2)          4(11.8)                 1(2.9)                

  **Monthly Income (SAR) (n=85)**        --                  --                     --                --                      --                    0.191

  Less than 5,000                        3(14.3)             5(23.8)                11(52.4)          1(4.8)                  1(4.8)                

  5,000-10,000                           4(14.3)             12(42.9)               5(17.9)           7(25.0)                 0(0.0)                

  \>10,000                               8(22.2)             11(30.6)               10(27.8)          6(16.7)                 1(2.8)                

  **Overall Prevalence**                 **15(17.2)**        **28(32.2)**           **27(31.0)**      **14(16.1)**            **3(3.4)**            
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Association between refractive errors and certain risk factors.

  **Risk Factor**                      **Refractive Errors**   **Myopia**                        
  ------------------------------------ ----------------------- ------------ ------ ------ ------ -------
  **Age Groups (years)**               --                      --           --     --     --     --
  6-8                                  1.00                    --           --     1.00   --     --
  9-11                                 1.12                    0.69         1.81   0.93   0.50   1.75
  12-14                                1.44                    0.69         3.05   1.21   0.45   3.23
  **Mode of Living**                   --                      --           --     --     --     --
  Urban                                1.00                    --           --     1.00   --     --
  Rural                                2.70                    1.55         4.68   3.93   1.63   9.46
  **Use of Electronic Devices (ED)**   --                      --           --     --     --     --
  Non-users                            1.00                    --           --     1.00   --     --
  Users                                1.40                    0.75         2.61   2.71   0.94   7.78
  **Hours Using Elect. Devices**       --                      --           --     --     --     --
  Less than 2 Hours                    1.00                    --           --     1.00   --     --
  3-5 Hours                            2.66                    0.90         7.86   3.46   1.10   10.90
  More than 5 Hours                    1.88                    0.56         6.29   3.10   0.80   12.03
  **Outdoor Activities**               --                      --           --     --     --     --
  Yes                                  1.00                    --           --     --     --     --
  NO                                   1.42                    0.75         2.69   1.88   0.65   5.46
  **Family History of RE**             --                      --           --     --     --     --
  No                                   1.00                    --           --     1.00   --     --
  Yes                                  1.71                    1.09         2.67   2.92   1.55   5.48
  **Distance to TV Screen**            --                      --           --     --     --     --
  Close                                1.00                    --           --     1.00   --     --
  Average                              0.56                    0.24         1.28   0.59   0.21   1.68
  Far                                  0.48                    0.22         1.04   0.72   0.27   1.96
